A particular feature of the Schottky noise spectrum is that the total power per band is proportional to N, the number of circulating particles, due to the incoherency of the particle motion. More explicitly we find : 
sisl.The extension to bunched proton beams of very low intensity, as will be used in pp colliders, requires new technical features to enhance the detector sensitivity and to reduce the coherent signal of the parasitic common mode. During SPS pp collider experiments, we met this requirement by using a resonating transverse pick-up three meters long, the two A particular feature of the Schottky noise spectrum is that the total power per band is proportional to N, the number of circulating particles, due to the incoherency of the particle motion. More 
Considerations for the pp collider
Two particular features of pp colliders, the low d.c. current and the tight bunching, are relevant to the Schottky noise receiver project. The low d.c. current, due to the low production rate of antiprotons and to the big dimensions of colliders, implies a low total power per spectrum line as shown in (5) and (6). The tight bunching, required to increase the luminosity, produces a coherent enhancement of the parasitic longitudinal component in the transverse pick-up as well as a decrease in width of the betatron lines. The latter effect increases the spectral power density of the Schottky signal compared to an unbunched beam and reduces the total power of the superimposed thermal noise. Therefore, in a Schottky detector system, the most critical parameters are the sensitivity of the pick-up, the noise factor of the electronics, and the rejection level of the parasitic common mode signal. In particular the order of magnitude of this last parameter, required to avoid the risk of amplifier saturation, is 0018-9499/81/0600-2147$00.75© 1981 IEEE fixed by the ratio of the power in the coherent longitudinal line to that in the incoherent transverse Schottky line and corresponds roughly to N, the number of circulating particles.
To evaluate explicitly the change in the signal to noise ratio in going from a tightly bunched to an unbunched beam of the same intensity, note that in both cases the total power per betatron line of the Schottky signal is practically the same. This is because for short bunches, and for a large range of n, including normally the revolution frequency harmonic tuned by the Schottky receiver, the form factor Fn,p=o in (6) becomes approximately equal to 1. Therefore the change in signal to noise ratio depends only on the superimposed noise power, determined by the transverse line width ratio. As already mentioned the transverse frequency spread of a bunched beam is strongly reduced compared to that given by equation (4), and reflects only the non-linear tune spread coming from the machine octupole component, the space charge and the second order effect of sextupoles. A rough computation of the line width ratio for the SPS collider gives a value between 10 and 100,depending on the operating conditions, and shows good agreement with the measurements.
kilometer long, cable sends the information to the Main Control Room, where a second crystal filter removes out of band added noise. After further amplification the signal is mixed down to between d.c. and 100 kHz and finally analysed by an averaging fast Fourier transform spectrum analyser. The equivalent diagram for the electrode circuit is given in Fig. 2 Fig. 1 The limited range of explorable tune will be extended by using a set of narrow band crystal filters each with a slightly different central frequency.
Present filter technology allows a vo range of between 0.12 and 0.88 at low as well as at high energy operation to be measured.
Separate receivers and pick-ups for horizontal and vertical planes will be provided and a synthesised frequency marker signal will be superimposed on the Schottky spectrum to allow jitter monitoring and to simplify initial pick-up tuning.
As a last improvement, we intend to selectively excite protons or antiprotons with a special directional coupler used as a kicker. Therefore excited Schottky lines as well as direct and crossed transfer functions for each beam will become observable.
